Background: Esomeprazole is one of the proton pump inhibitors used in the treatment of gastrointestinal disorders. In spite of its safety, it can induce many side effects, especially acute interstitial nephritis that may progress into acute renal failure. Aim: This work aimed to investigate the effect of proton pump inhibitor (esomeprazole) on the histological structure of the renal cortex of adult male albino rats, as well as the effect of stoppage of that exposure. Materials and methods: 30 adult male albino rats were divided into three groups (10 rats each); control, esomeprazole group: rats received 5 mg/kg/day esomeprazole orally for 4weeks, and recovery group by which rats received esomeprazole 5 mg/kg /day orally, then left for another 4 weeks without treatment. After that, the renal cortex obtained and processed for light and transmission electron microscopic examination. Results: Esomeprazole group showed shrunken glomeruli with widening of Bowman's space, vacuolated glomerular and tubular cells, with darkly stained nuclei, focal interruption of PAS reaction in the brush border of PCTs besides statistically significant decrease in the mean optical density for PAS when compared with control, and focal ultrastructural changes in renal corpuscles, proximal and distal convoluted tubules. In recovery group; partial improvement of the previous histopathological findings observed. Conclusion: Esomeprazole induced histopathological changes in the structure of the renal cortex of adult male albino rats, which could be partially improved if left to recover.
INTRODUCTION
Proton pump inhibitors (PPIs) are drugs widely prescribed for many patients to treat gastrointestinal disorders, such gastro-esophageal reflux, peptic ulcer (particularly related to Helicobacter pylori infection), acid-related dyspepsia and gastro-duodenal lesions. They reduce gastric acid production by inhibiting the (H+/K+ ATPase) located on the secretory surface of gastric parietal cells [1, 2] .
There are five PPIs available in the market, including omeprazole, lansoprazole, pantoprazole, rabeprazole and esomeprazole. It has been shown that continuous maintenance treatment with esomeprazole provides more effective acid suppression than other PPIs in patients with gastric esophageal reflux [3] . Esomeprazole has slower plasma clearance, which results in higher plasma concentrations. This offers better clinical efficacy and more effective management of the hyperacidity diseases [4] .
While PPIs are remarkably safe and no serious side effects were noticed [5] ; case reports of acute interstitial nephritis (AIN) noticed in the last decades. In 1992, the first single case was published by Ruffenach and his colleagues [6] , followed by many reported cases of AIN after pantoprazole and omeprazole exposure [7] [8] [9] . Most of the published studies described and discussed the PPIs induced AIN clinically and statistically [10] [11] [12] .
Although only a small proportion of patients develop AIN from PPIs, these drugs considered now one of the important common drugs induced AIN in the developed countries due to their prolonged use. It was noticed recently that prolonged PPIs exposure is associated with increased risk of incident chronic kidney diseases and even death [13] [14] [15] [16] . Moreover, certain cases with PPIs induced AIN presented sub-clinically leading to gradual, progressive kidney failure [17] .
So, the aim of the present study is to investigate the effect of esomeprazole on the histological structure of the renal cortex of adult male albino rats, as well as the effect of stoppage of that exposure. This is through using light and electron microscopic study.
MATERIALS AND METHODS

Drugs
Esomeprazole is manufactured by AstraZeneca, (Egypt) in the form of sachet containing 10 mg. Each sachet was dissolved in 10 ml distilled water then 5mg/kg (1ml of the prepared solution), was given orally by an intragastric tube once daily for 4 weeks [18, 19] .
The experimental animals
This work was carried out on 30 adult male albino rats, their weights ranged between 100 and 150 grams. All animals were housed in suitable clean properly ventilated cages under similar conditions and were fed on a similar commercial laboratory diet and water. They were acclimatized to their environment at least one week before starting the experiment.
They divided into three groups (10 rats each); control group: kept without treatment (used to study the normal histological structure of the renal cortical tissue); they were sacrificed at the same period of their corresponding experimental group, Esomeprazole group: by which rats given 5mg/kg/day esomeprazole orally for 4 week, and Recovery group: by which rats given 5 mg/kg/day esomeprazole orally for 4 weeks, then left for another 4 weeks without treatment.
At the appropriate time; animals were sacrificed after intra peritoneal injection of sodium thiopental (40 mg/kg) [20] . Then specimens of the renal cortex obtained and processed for light and electron microscopic examination.
Preparation of specimens for light microscopic study
The renal cortical specimens were taken and immediately fixed in 10% formol saline solution for 24 hours. Then dehydrated in ascending grades of ethyl alcohol followed by clearance in two changes of xylol 30 minutes each. After that, impregnation was done in pure soft paraffin for 2 hours at 60ºC followed by embedding in hard paraffin. Finally, sections of 5 um obtained.
Haematoxylin &Eosin (H. &E.) stain
Sections were de-waxed and hydrated through graded alcohol, and stained with Harris' hematoxylin for 2-5 min, then differentiation in 1% acid alcohol (1% HCL in 70% alcohol) for 5-10 seconds was done. At that time, sections washed well in running tap water for 5 min, and stained with 1% eosin for 1-3 min. Lastly, dehydration through ascending grades of alcohol, clearance by xylol and mounting with Canada balsam. Nucleus appeared blue while the cytoplasm appeared pink.
Periodic Acid Schiff's (PAS) stain
PAS stain used to demonstrate polysaccharides. By which, sections were deparaffinized, hydrated and immersed in 1% periodic acid for 8 minutes then washed under running tap water, and placed in Schiff's reagent for 15 minutes (the sections become light pink color during this step). After that, sections were washed under running tap water for 5 minutes (immediately the sections turn dark pink color). Finally, sections dehydrated through ascending grades of alcohol, cleared in xylol and mounted in Canada balsam. Deep red or magenta staining of mucopolysaccharides appeared while nuclei stained blue.
Statistical analysis for optical density of PAS stain
The software (Image J) (National Institute of Health, Bethesda, Maryland, USA) was used to measure the optical density of PAS stain in all groups of the present research. By which, 10 LM images stained with PAS at a magnification X 400 from each group were used. The data were analyzed by student t-test after evaluation of f-test. Then the collected data were expressed as (mean ± SD). Results finally considered to be significant when P < 0.05.
Preparation of specimens for electron microscopic study
Specimens were fixed in 2.5% phosphate buffered glutaraldehyde, processed and embedded in epoxy resin. Semithin sections (1 µm thick) were stained with toluidine blue and examined to choose the part to be studied by transmission electron microscope. Ultrathin sections of (75nm thick) were picked up on 200 mesh uncoated copper grids, stained with uranyl acetate and counter-stained with lead citrate. Finally, examined by (JEOL-JEM-100 SX electron microscope, Japan) at The Electron Microscopic Unit, Faculty of Medicine, Tanta University, Egypt [21] .
RESULTS
Light microscopic results
Haematoxylin and eosin results
Haematoxylin & eosin stained sections of the control group showed renal corpuscles (malpighian corpuscles) formed of a tuft of capillaries (glomerulus) enveloped by regular continuous Bowman's capsule, in which Bowman's capsule parietal layer was lined by simple squamous epithelial cells. Moreover, at the vascular pole of each observed Malpighian corpuscle, a darkly stained nucleated area corresponding to juxtaglomerular apparatus was observed, consisting of densely packed epithelial cells of macula densa and nearby juxtaglomerular cells. Considering PCTs; they showed narrow lumen and lined by 4 to 6 large cubical or low columnar cells, with deeply acidophilic cytoplasm. Their nuclei were rounded and nearly basal or central in position with ill distinct cell boundaries and striated luminal border. While, DCTs had wide lumen and were lined with 5-8 low cubical cells with less acidophilic cytoplasm and euchromatic nuclei, in addition to distinct cell boundaries without brush border (Figure 1a-c) . On the other hand, esomeprazole group revealed some shrunken glomeruli with widening of Bowman's space while others showed congestion, and some glomerular cells showed vacuolated cytoplasm and darkly stained nuclei. Regarding tubular cells, some showed vacuolated cytoplasm and darkly stained nuclei together with nuclear extrusion into tubular lumen as well as intraluminal debris. Furthermore, congested intertubular capillaries were encountered (Figure 2a, b) . While, the recovery group showed regression of some of the microscopic lesions and persistence of others. Through which, few of the renal corpuscles were shrunken with widening of the capsular space, and few cortical tubular cells revealed vacuolation and deeply stained nuclei (Figure2c, d).
PAS results
Examination of PAS stained sections of the control group revealed strong PAS +ve reaction in the basement membrane of the parietal layer of Bowman's capsule and in the basement membrane of convoluted tubules as well as brush borders of PCTs. For esomeprazole group; minimal PAS reaction in the brush border of some PCTs with its focal interruption seen. While, PAS stained sections of the recovery group showed focal loss of PAS reaction in the brush border of few PCTs (Figure 3a-c) .
Statistical results for the optical density of PAS stain
As assessed by the image analyzer, Esomeprazole group showed statistically significant decrease in the mean optical density for PAS when compared with control group, Moreover, Recovery group revealed non-significant change in the mean optical density for PAS when compared with control group while significant increase when compared with esomeprazole group (Histogram 1).
Electron microscopic results
Electron microscopic (EM) results of the glomerular basement membrane and podocytes of the control renal cortex showed homogenous and trilamellar glomerular basement membrane, formed of outer and inner electron lucent layers and a middle electron dense layer. The podocytes' cytoplasm contained euchromatic nucleus and had a cell body from which cytoplasmic extensions arise forming primary (major) processes. From these primary processes, secondary (minor) processes or pedicles arise and terminated by feet-like expansions on the basal lamina of the capillary wall. Esomeprazole group revealed focal ultrastructural changes in some renal corpuscles, proximal and distal convoluted tubules. There was focal thickening of the glomerular basement membrane. While, some podocytes showed effacement of the secondary foot processes and fusion of their secondary processes. Moreover, irregular shaped nucleus. Considering the recovery group; it showed persistence of some of the EM changes of the structures of the renal cortex. These were in the form of areas of fusion and effacement of few podocytes' secondary foot processes (Figure 4a-c) .
As regards EM examination of the control PCTs revealed cells that resting on a thin basement membrane with numerous thin, long apical microvilli forming its characteristic brush border besides pinocytotic vesicles and lysosomes. Each cell of the proximal tubule contained a single large, spherical euchromatic nucleus, nearly central in position, and their chromatin was clumped along the inner nuclear membrane. Moreover, basal plasma membrane enfolding's noticed besides, numerous, elongated mitochondria arranged in the basal half of the cell parallel to the long axis of the cells (palisade arrangement). For esomeprazole group; it showed some cells with cytoplasmic vacuoles, dense bodies and loss of mitochondrial palisade arrangement. In the recovery group; few PCT cells revealed disrupted apical cell membrane with extrusion of its organelles into their lumen (Figure 5a-c) .
Considering EM examination of the control DCTs showed cubical cells with few short scattered microvilli on their luminal surfaces. Each cell of DCTs contained a rounded or ovoid nucleus with less extended chromatin and large nucleolus besides large numbers of mitochondria in its basal part. Some DCTs cells in esomeprazole group showed widening of the intercellular spaces and irregular nuclear outlines, together with loss of basal arrangement of its mitochondria. Few DCTs of recovery group showed mild disarrangement of the mitochondria (Figure 6a-c) . ) and darkly stained nuclei (►) (H&E X1000). 
DISCUSSION
Kidney is a highly susceptible organ to the toxic effects of different noxious chemicals which is attributed to its unique anatomic and physiologic features. Anatomically, kidneys receive about 20% of the resting cardiac output and consequently any chemical in the systemic circulation will be delivered in high amounts to it. Physiologically, the process of urine concentration causes accumulation of the toxic agents in the tubular cells and their lumen. Therefore, a non-toxic concentration of certain chemical in the plasma may reach toxic concentration in the kidney (Klaassen, 2018) [22] .
The use of proton-pump inhibitors (PPIs) in the management of gastro-esophageal reflux disease (GERD) and other gastric related disorders has dramatically improved the options and welfare of this patient population. Esomeprazole is a recent PPI reduces gastric acid secretion by inhibiting proton pump in gastric parietal cells. In spite of its safety, many side effects have been reported especially its effect on the kidneys [10, 23 and 24] .
The long-term exposure to proton pump inhibition especially esomeprazole impairs lysosomal acidification and enzyme activity which result in an accumulation of protein aggregates, increases the generation of reactive oxygen species (ROS) [25] .
The present study designed to assess the effect of esomeprazole on the histological structure of the renal cortex of adult male albino rats using light and electron microscopic techniques and the capability of renal tissue to regenerate and recover after cessation of esomeprazole administration.
In the present research, H. and E. stained section of esomeprazole group showed congested glomerular capillaries and mononuclear cellular infiltration. Some proximal and distal convoluted tubules in the renal cortex also showed signs of degeneration in the form of cytoplasmic vacuolation, darkly stained nuclei together with nuclear extrusion into tubular lumen as well as intraluminal debris and lost brush border. Additionally, there were congested intertubular capillaries.
The congested glomerular capillaries could be attributed to the chemokines and cytokines released by reactive oxygen species (ROS) [26] . While The mononuclear cellular infiltration can be explained as an inflammatory response to eliminate a pathologic insult and to remove the injured tissue components in order to allow the tissue repair [27] .
The cytoplasmic vacuolation, darkly stained nuclei together with nuclear extrusion into tubular lumen as well as intraluminal debris and lost brush border may be attributed to increased permeability of cell membranes in response to cell injury leading to an increase of intracellular water, which will accumulate within the cell, producing cytoplasmic vacuolation. Furthermore, the impaired mitochondrial oxygen uptake, and release of cytotoxic lysosomal enzymes into the cytosol besides increased calcium influx from the extracellular to the intracellular compartment and activation of calcium dependent phospholipases can lead to tubular vacuolar damage [28] .
Additionally, some renal tubular cells showed desquamation with lost brush border and nuclear extrusion. These may be attributed to the imbalance between the production of free radicals and antioxidant defense system induced by esomeprazole leading to oxidative stress with the liberation of oxygen free radicals resulting in renal tissue damage [25] .
As regards tubular darkly stained nuclei, this might be due to DNA damage caused by esomeprazole or shrinkage and clumping of the nuclear chromatin as a feature of necrosis [25, 29] .
The present work revealed also some congested intertubular capillaries. This can be attributed to the interstitial edema which is common in acute interstitial nephritis. It is also might be due to dilatation and congestion of the vasa recta of the renal outer medulla [27] .
Regarding PAS results of the present study, there was minimal PAS reaction in the brush border of some PCTs with its focal interruption in esomeprazole group proved by statistical analysis to mean optical density of PAS reaction.
The focal loss of PAS reaction in the brush border of some PCT could be explained as a result of progressive acute cell swelling which causes disintegration of the actin core of microfilaments and the linker proteins that connect them to the cell membrane [31] .
As regards EM findings of the present research; it confirmed the previous light microscopic findings of esomeprazole group. It showed thickening of some glomerular basement membrane, effacement of some podocytes' foot processes, vacuolation and rarefaction of its cytoplasm. The thickening of some glomerular basement membrane was a feature of glomerulonephritis. It might be due to either thickening of the parietal layer proper or deposition of amorphous electron dense proteins on epithelial side of the parietal layer or within the membrane itself [30] .
The effacement of some podocytes' foot processes is coincided to the finding of Deegens et al., (2008) [32] Esomeprazole interfere with the structural components of the slit diaphragm, actin cytoskeleton of podocytes and the interaction between the podocytes and the glomerular basement membrane. While the cytoplasmic vacuolation and cytoplasmic rarefaction are considered to be features of acute cell swelling that occur secondary to loss of control of water uptake. Esomeprazole interfere with the regulatory mechanisms of cell volume by increasing cell membrane permeability, damaging sodium pump and interfering with synthesis of ATP thus depriving the sodium pump of its fuel. Consequently, dilated RER results with subsequent RER membranes fragmentation. So, water begins to accumulate in vesicles, with formation of cytoplasmic lakes and vacuoles. Moreover, the cytoplasmic rarefaction is most evident in the cells involved in rapid ion transport as the renal tubular epithelium [31, 27] .
Furthermore, cytoplasmic vacuoles, dense bodies and loss of mitochondrial palisade arrangement were EM findings of the PCTs of esomeprazole group besides, widening of the intercellular spaces and irregular nuclear outlines in DCTs. Electron dense may be secondary lysosomes which result from engulfing of aggregated proteins or degenerated organelles as mitochondria. This also confirmed by Kamble et al., (2013) [33] who illustrated presence of secondary lysosomes during their study of the effect of etoposide (cancer chemotherapeutic agent) on the rat kidney as an indication of degenerative activity.
Widening of the intercellular spaces of the DCTs may be the result of breaking down of the cellular junctions during cell injury and acute swelling process which occurs secondary to disruption of the cytoskeletal filaments. Along with suppression of the production and disintegration of the junctional adhesion molecules. Consequently, separation of the neighboring cells from each other. Another explanation is that when fluid leaks into and accumulates in the intercellular spaces; isolation of cells from each other ensues [29] .
In the present study, some tubular cells showed loss of apical cell membranes with the extrusion of some organelles. Cheville, (2009) [31] referred to these cells as ghost cells and attributed them to be features of lytic necrosis. They developed secondary to massive intake of water, degradation of cytoplasmic proteins and rupture of membranes with release of the internal contents into the lumen.
Recovery group showed partial improvement in the previously mentioned histological changes which might be due to release of cell stress induced by esomeprazole. This is supported by Geevasinga et al., (2005) [34] during their study on esomeprazole-induced interstitial nephritis. They proved that esomeprazole withdrawal could lead to improvement of the histological structure of the renal cortex, consequently improvement of the renal function. Moreover, the study made by Wilcox and Mattia, (2009) [35] of esomeprazole-induced colitis has proved nearly restoration of its histological structure after stoppage of esomeprazole.
CONCLUSION
Based on the current study and from all previously mentioned histological results, it could be concluded that, esomeprazole has a damaging effect on the renal cortex of adult male albino rats which could be partially improved if left to recover.
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